Yarrowia divulgata f.a., sp. nov., a yeast species from animal-related and marine sources ) as the type strain. Some D1/D2 sequences of yeasts from marine habitats were found in the GenBank database that were identical to those of the strains of Y. divulgata f.a., sp. nov. Unfortunately, these strains were not available for our study.
Yarrowia lipolytica is a widely reported contaminant of mainly dairy and meat products (Kurtzman, 2011) where it is a common yeast contaminant and spoilage organism (e.g. Ismail et al., 2000; Vasdinyei & Deák, 2003; Mayoral et al., 2005; Deák, 2008) . However, in some cases Y. lipolytica also plays a beneficial role in the food industry such as in some fermented sausages (Encinas et al., 2000) and Raclette cheese where it positively influences flavour (Wyder et al., 1999) . Furthermore, it is potentially useful for the production of citric acid (Mirbagheri et al., 2012) . Groenewald et al. (2013) summarized information on the current and potential industrial applications of Y. lipolytica, as well as information on its safety. Based on their review, they concluded that Y. lipolytica is 'safe-to-use' in feed or food, or when deployed as a production host for biotechnological applications.
Y. lipolytica remained the only known member of the genus for a long time. However, based on D1/D2 sequence comparisons (Bigey et al., 2003) and a polyphasic approach (Knutsen et al., 2007 ) the heterogeneity of the species was recognized and the reinstatement of Candida deformans, one of its synonyms, was proposed. In the last decade, descriptions of numerous novel species belonging to the Yarrowia clade have been enabled by molecular biology methods such as sequence analysis (Péter et al., 2004; Kurtzman, 2005; Knutsen et al., 2007; Limtong et al., 2008; Groenewald & Smith, 2013) . At the time of writing, ten recognized species are assigned to the Yarrowia clade (Limtong et al., 2008; Kurtzman, 2011; Lachance et al., 2011; Groenewald & Smith, 2013) . In the present paper, we report the isolation of five yeast strains from different animal-related sources. These strains form a group in the Yarrowia clade, characterized by identical D1/D2 and ITS sequences that are sufficiently different from those of recognized species to warrant their status representatives of as a novel yeast species of the genus Yarrowia.
Origin and phenotypic characterization of strains
The strains investigated in this study (Table 1) were recovered from different animal-related sources. Strain F6-17 T was isolated from a bacon processing plant in Denmark (Nielsen et al., 2008) . Strains NCAIM Y.01485 and NCAIM Y.01487 were isolated during an earlier survey (Ismail et al., 2000) from chicken liver in Griffin, GA, USA. Strains NCAIM Y.02062 and NCAIM Y.02063 were recovered from chicken breast and from minced beef, respectively, in Hungary. In the latter two cases two-or three-step enrichment procedures were applied in liquid yeast nitrogen base medium (Y1250; Sigma) supplemented with 0.5 % (v/v) hexadecane. The pH of the enrichment media was either adjusted to 3.2-3.5 with 1 M HCl or the media were prepared with phosphate-citric acid buffer (pH 3.6) according to McIlvaine (1921) . The rationale of using hexadecane in the enrichment medium was that only about 10 % of the known yeast species are able to grow with this compound as a sole carbon source (among the species tested for this character), including members of the Yarrowia clade (Kurtzman et al., 2011a) . The reduced pH of the medium served to inhibit bacterial growth. The first enrichment was carried out in 500 or 250 ml flasks in 250 or 100 ml of enrichment broth on a horizontal rotary shaker (100 r.p.m., 25 u C). Sample size was 20 g for chicken breast (strain NCAIM Y.02062) and 10 g for minced beef (strain NCAIM Y.02063). After 1 week, 0.1 ml liquid was transferred to a 16 mm tube containing 5 ml of the same medium. The inoculated tubes were incubated on a rotary shaker (30 r.p.m.) at 25 u C for 7 days. In the case of the minced beef sample a third enrichment step identical to the second one was also made. Enrichments were followed by serial decimal dilutions and surface plating on Rose-Bengal chloramphenicol (RBC) agar (1.00467; Merck). The plates were incubated at 25 u C for 5 days in darkness to avoid the inhibition of fungal colony formation by illumination of Rose-Bengal-containing agar media (Chilvers et al., 1999) . Cultures representing each colony type were isolated.
The strains were characterized with standard methods as described by Kurtzman et al. (2011 b) . Urea hydrolysis was tested in Urea R broth. Formation of ascospores was studied in individual cultures and in mixtures of actively growing cultures of the five investigated strains. The cultures were investigated on acetate agar (1.4 % sodium acetate, 0.04 % glucose, 2 % agar), corn meal agar (CMA), 'Spezieller Nahrstoffarmer agar' (SNA; 0.1 % KH 2 PO 4 , 0.1 % KNO 3 , 0.05 % MgSO 4 . 7H 2 O, 0.05 % KCl, 0.02 % glucose, 0.02 % sucrose, 2 % agar), potato-dextrose agar (PDA), 2 % malt extract agar (MEA), glucose-peptoneyeast extract agar (GPYA), yeast extract-malt extract (YM) agar, V8 agar, modified KNO 3 agar (MKA; 0.14 % KNO 3 , 0.16 % yeast carbon base, 0.012 % bromothymol blue, 1.6 % agar, pH: 5.9-6.0) (Pincus et al., 1988) , yeast-carbon base (YCB) agar, YCB supplemented with 0.01% ammonium sulfate (YCBAS) agar, restricted growth (RG) agar and yeast extract sucrose (YES) agar (Samson et al., 2004) . The cultures were incubated at 15 and 25 u C and examined regularly under the microscope for up to 3 weeks.
Phylogenetic analysis
The D1/D2 regions of the large subunit (LSU) rRNA gene and the internal transcribed spacer 1-5.8S rRNA geneinternal transcribed spacer 2 (ITS) regions of the strains isolated in USA and Hungary were amplified according to Kurtzman & Robnett (1998) and Péter et al. (2009) , respectively, while for the Danish isolate the same regions were amplified according to Jespersen et al. (2005) . The sequences were determined by commercial sequencing facilities (Bay Zoltán Nonprofit for Applied Research, Hungary; Biomi, Hungary; and Macrogen, South Korea). Sequence similarity searches were performed against the GenBank sequence database using the BLAST 2.2.28 database search program (Zhang et al., 2000) . The sequences generated during this study along with the sequences of related species retrieved from GenBank (see Table S1 , available in IJSEM Online) were aligned and a phylogenetic tree was reconstructed from the concatenated ITS and D1/ D2 sequences by the maximum-parsimony method using MEGA version 5 (Tamura et al., 2011) . Positions with gaps were excluded from the analysis. Bootstrap support (Felsenstein, 1985) for the tree was determined from 1000 replications.
Phylogenetic placement and species delineation
The five investigated strains shared identical ITS and D1/D2 LSU rRNA gene sequences, indicating that they are conspecific. A BLAST search of the GenBank database revealed the existence of some D1/D2 sequences (accession nos. EU596435, EU583484, EU560880, EU360775, EU285507 and EU294124) identical to that of the above-noted five strains, suggesting that the corresponding strains (all recovered from marine habitats) are probably conspecific with the strains considered in this study. Unfortunately, Table S1 ) by 3 % (13 substitutions and two indels along the overlapping 501 nt fragments) in the D1/D2 region and by more than 6 % (11 substitutions and seven indels along the overlapping 304 nt fragments) in the ITS region. According to the guidelines proposed by Kurtzman & Robnett (1998) and Daniel et al. (2009) this extent of divergence is sufficient to justify that the five strains represent a distinct, previously undescribed species. The novel species is placed in the wellsupported (97 % bootstrap) Yarrowia clade in the tree constructed based on maximum-parsimony analysis of the concatenated ITS and D1/D2 sequences, next to Y. deformans (Fig. 1) . If the ITS and D1/D2 sequences were analysed separately with the same method (data not shown), members of the Yarrowia clade delimited by Y. deformans and Candida hispaniensis in Fig. 1 also aggregated in one clade, although the position of the species within the clade was not exactly the same. Bootstrap support of the Yarrowia clade was similar to that in Fig. 1 for the ITS tree (96 %) but significantly lower (56 %) in the D1/D2 tree. Candida bentonensis has been considered to be a member of the Yarrowia clade (Kurtzman, 2005; Lachance et al., 2011) , although the pattern of its physiological characteristics is significantly different from that of the other members of the clade. Phylogenetic analysis of the ITS and the D1/D2 sequences of Y. lipolytica and related species do not support the assignment of C. bentonensis to the Yarrowia clade (Fig.  1) . C. bentonensis is not closely affiliated to any species related to the genus Yarrowia included in the analysis. The reference species outside the Yarrowia clade, except for C. bentonensis and Candida incommunis, were selected with reference to the multigene sequence analysis of Kurtzman & Robnett (2013) .
Occurrence and identification
Four strains of the novel species were recovered at different geographical locations from chicken liver, chicken breast and minced beef, products of warm-blooded animals, while the fifth was from a facility processing bacon, another product of warm-blooded animals, from the surface of production equipment. In view of this it is notable that the Fig. 1 . Maximum-parsimony tree showing the placement of Yarrowia divulgata f.a., sp. nov. and related species based on analysis of the concatenated sequences of the ITS and D1/D2 regions of the LSU rRNA gene. The bootstrap consensus tree inferred from 1000 replicates is taken to represent the evolutionary history of the taxa analysed. The maximum-parsimony tree was obtained using the close-neighbour-interchange algorithm (Nei & Kumar, 2000) with search level 1 in which the initial trees were obtained with the random addition of sequences (ten replicates). All positions containing gaps and missing data were eliminated. There were a total of 539 positions in the final dataset. Candida incommunis CBS 5604
T was used as a designated outgroup. Numbers indicate bootstrap values of ¢50 % based on 1000 replications. Bar, 20 base substitution.
E. Nagy and others strains are unable to grow at 35 u C or higher. The inability of these strains to grow at or above 35 u C suggests that they were secondary contaminants. However, for the strains isolated from liver or meat, the samples were not collected directly in the meat processing plants, but were either purchased at supermarkets or obtained from a quality control laboratory; the processing pipelines of the plants were not studied. By contrast, the above-noted, probably conspecific strains, sharing identical D1/D2 sequences with the strains investigated here, were isolated from marine habitats, including deep seawater and an ocean fish. These data indicate that the novel species is distributed globally and occurs in different habitats. The accumulation of more data on the occurrence of the novel species will help to reveal the origin of the strains found in the products made from warm-blooded animals.
Four of the five investigated strains exhibited approximately the same macromorphology and micromorphology while one strain showed a slightly different morphology. NCAIM Y.01487 formed folded, slightly raised colonies on 5 % MEA (5 % malt extract, 2 % agar), while the other four strains, including the type strain, formed almost smooth, flat colonies on the same medium. There were only few differences among the tested physiological characteristics of the strains of the novel species and these differences were limited mainly to the intensity and speed of growth on some of the carbon sources (salicin, arbutin, L-sorbose, ribitol, Dsorbitol, D-mannitol, 1,2-propanediol, 2,3-butanediol) . No clear-cut phenotypic difference distinguishing the novel species from Y. deformans and Y. lipolytica was observed, and therefore phenotype-based identification of the novel species is unreliable. Based on the available data, the novel species can be recognized only from the sequences of its ITS and nuclear LSU rRNA gene D1/D2 domains.
Apart from Y. lipolytica, the type species of the genus, ascospore formation among conspecific strains was observed only in one additional species of the clade, Y. deformans (Groenewald & Smith, 2013) . Sporulation was not observed by us, either in the individual strains or in their mixed cultures. According to the International Code of Nomenclature for algae, fungi and plants (McNeill et al., 2012 ) the novel species is assigned to the genus Yarrowia, and the designation forma asexualis (f.a.) is included following the recommendation of Lachance (2012) . The name proposed for the organism is Yarrowia divulgata f.a., sp. nov.
Description of Yarrowia divulgata Nagy, Niss, Dlauchy, Arneborg, Nielsen & Pé ter f.a., sp. nov.
MycoBank no.: MB 805642.
Yarrowia divulgata (di.vul.ga9ta. L. fem. adj. divulgata disseminated, referring to the widespread geographical occurrence of the novel species).
In 5 % malt extract after 3 days at 25 u C, complete or incomplete climbing pellicle and sediment are present. Cells are spheroid, subspheroid or ellipsoid. If spheroid or subspheroid, they measure 2.5-6 mm; if ellipsoid, they measure 2.5-6.563.5-10 mm. They occur singly, in pairs, in short chains and in small clusters (Fig. 2) . On 5 % MEA after 3 days at 25 u C, the streak culture is butyrous, from almost smooth to folded, flat or moderately raised, cream coloured and dull. The edge is finely lobed and may be fringed with filaments. On slide culture with CMA after 7 days at 25 u C, true hyphae and pseudohyphae are present (Fig. 3) Growth in vitamin-free medium is absent. Growth occurs at 30 u C but not at 35 u C. Growth with 0.1 % cycloheximide and with 10 % NaCl is positive. Growth is absent on 50 % (w/w) glucose yeast extract agar, with 16 % NaCl, and with 1 % acetic acid. Urea hydrolysis and colour reaction with Diazonium Blue B are negative. No acid production is detected on chalk agar.
The type strain, F6-17 T (5CBS 11013 T 5CCUG 56725 T ), was recovered from a bacon processing plant in Denmark, 
